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Season. 
.. ~- .... 

$..... 1 S ~ 5  ................... 
1695-S6 ......................... 
1896997 ......................... 
i 697-g~  ......................... 
1698-99 ......................... 
189%1900. ...................... 
1900-1. ......................... 
1901-2 .......................... 
190h3 .......................... 
1903-4 .......................... 

for the month of January established when the mtiximum, 
36 miles from the west, was recorded a t  2.51 
Owing to the d condition of the soil the air fille with 

by it during the whole afternoon, tlie disk of the suii 
being faintly visible only a t  times. The dust penetrated 
buildings of even the best construction, leaving a thick 
coating everywhere. Objects two city blocks distant 
were obscured. Besidesmaking the clay unpleasant, there 
was damage to wearing apparel, house furnishings, etc. 
The air was extremely dry and the per cent of humidity 
decreased to a midsummer minimuni by 5 p. ni., making 
the storm particularly damaging to vegetation. In  
loose, light soils some grain was blown 011 t in places, while 
in other places it was buried under the wind-transported 
material. Considerable dust was held in suspension in 
the air during the 5th and 6th and the sun shone with a 
sickly light . 

This unusual dryness had an important effect in pro- 
ducing the record-breaking freeze on succeeding days. 
The tem erature fell during the 5th, and on the morning 

3 O lower than the lowest reviously recorded minimum 

wound recorded 14' and 15' on the Gth and 7th, respec- 
tively, and from lower portions of the valley floor readings 
of loo  and 12' were reported. 

Citnis trees and citnis nursery stock were badly frozen, 
but not entirely killed, exce t the nursery stock in a few 

trees was completely frozen, a small roportion of the 

a full year's growth on citnis trees was frozen and will 
have to be pnined away. Eucalyptus of several varie- 
ties, acacias, and pe er trees were frozen severely and 

considerabe volume. A f l m  of ice formed on irrigation 
ditches in places, a phenomenon which had not been 
observed here for many years. Much damage was occa- 
sioned by frozen water pipes, one plumber alone reporting 
that 300 calls were made to repair that class of plmnbing 
troubles. 

The month closed with some very pleasant but un- 
seasonably warm weather, and tlie temperature deficiency 
for the month as a whole is not large. Rainfall for the 
month was about three-fourths of the normal amount 
and up to the 31st but one-half of the iiormal seasonal 
amount has been received. 

X' m. 
dust as the win 7 rose and the sky was entirely obscured 

of the G t  I )  i a minunum of 17O was recorded a t  this station, 

in 36 years of record. i) tanclard instruments on the 

localities. Practically all o P the f ru i t  remaining on the 

whole crop, as nearly all had been mar E eted. HGwerer, 

the youneer trees lu .pQ ed. Ice 2 inches thick formed in 

e. 

REPORT ON RECENT DESTRUCTIVE FROSTS IN 
CALIFORNIA. 

By Pmf. A. G .  MCADIE. 

For many years the Weather Bureau had advised 
citrus-fruit growers of California that widespread injury 
might result in unprotected orchards when conditions out 
of the usual occurred; and that preparation should be 
made even in the most favorecl localities for tem ieratures 
as low as 34O F. It was pointed out that there bad been 
many dates in the past 35 years when weather conditions 
were so severe as to cause injuiy to citrus fuits. The 
following table shows how frequently such low tempera- 
tures have occurred : 

Carloads. Season. Carloads. 
~ 

7,575 1904-5 .......................... 31,422 
6,915 1905 ........................... 2i,610 
7,350 1 ~ 7  .......................... 29,620 

18,400 1909-10.. ....................... 33,099 
24,900 191C-11 ......................... 46,594 
19,180 1911-12 .................. 
23,SZ 1912-13 ................................... 
29,399 

i5.m 1907 -8 .......................... 3 2 , m  
in,s75 190 &9 ......................... 40,516 

1906, Jan. 1. 
1907, Jan. 3. I 1910. Jan. 6. 

1578, Dec. 14. 
1879. Dee. 25. 
1880, Jan. 29. 30, 31. 

1889, Jan. 19. 
1894, Jan. 6, 7. 
1897. Dec. 19, 21. 

1883; Feb. 3,' 4, 6. 
1886, Jan. 6 .  
1888, Jan, 7, 8, 9,lO. 

1882; Feb. 18. ' 1898; Jan. 26.' 1911; Feb. 16. 
1883. Jan. 20. 21. 1901. Dec. 13. 1911. Dec. 25. 26. 

1902; Dec. 26. isiZ; D&. 23130. 
1903, Feb. M, 15. 
1904, Jan. ?l .  

1913, Jan. 4, 5, 6, 7 .  

It is somewhat difficult to determine what constitutes 
a dangerous temperature in connection with citrus fruits, 
inasniuch as most temperature records have been made 
in shelters and do not fairly represent the temperature 
to which fruit is exposed. At Sari Diego and Los Angeles 
the recorded values at  the Weather Bureau offices are 
from 5' to 10" above those made in the orange groves a 
few miles distant, and there ilp!.ears to be an increase 
in this difference with distance 10111 the coast. Again, 
temperature varies with height above the ground and 
inversions are frequently found during winter mornin s. 
An instrument placed near the to 1 of a tree will general 5 y 
give a ten1 1erature much hi her t \ inn one placed near the 
ground. Jhirthermore, the f reezing point commonly used 
is not necessarily the freezing point for water in the plant. 
Finally, injury is probably determined more by the rate 
of warming up after the blossom or fruit has been sub- 
jected to a freezing temperature than by the fall in tem- 
perature. I n  other words, defrosting is a matter of the 
utmost importance . 

Oranges and lemons nre commercially grown in Florida 
and in portions of Louisiana, as well as in California; but 
the extent of the industry in California may be judged 
from the following table, which shows the shipment of 
citrus fruit from the whole State for the past 19 years: 

The above data are in the main from the California 
Fruit Grower. 

On December 24, 1912, the crop was estimated a t  
43,000 carloads. Within a week from this time the injuiy 
had heen so great that now no reliable estimate can be 
made. A soniewhat similar condition occurred during 
the preceding year. Estimates of the crop of 1911-12, 
macle previous to the frost of December 25-26, made the 
crop 50,000 carloads. It is generally conceded that the 
money loss caused by the frosts in the closing week of 
1911 amounted to %5,000,000. The loss during the last 
week of December, 1912, and the first week of ,Tanuai-y, 
1913, may exceed $15,000,000. 

In  both of these frost periods ample warning of the fall 
in temperature was given, and in some localitiesintelligent 
and well-directed effort was made to  prevent the lowering 
of the tein erature. This was particularly the case at 

lead of Mr. J .  E. Adamson, in a protective association. 
The methods employed were described in the Monthly 
Weather Review for July, 1912. Reports are received 
hourly, or oftener if necessary, during the early night a t  
a central station, and a tag for each report is placed u on 
a large map of the district in its proper place. It is t t u s  
possible to estimate the rate of change in temperature; 
and to order the necessary firing, which is done by the 
force under the direction of the general manager. Rec- 
ords show a rise in temperature of Go one hour after firin . 
construction, the fuel being a low grade of distillate. 
As originally used, these burners did not consume all of 
the carbon, but gave off a soot-laden smoke. The soot 
has been found to  be not only extremely disagreeable, 

Pomona, TV K ere the orchardists are organized under the 

The protective devices used are oil burners of simp P e 
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32 1 28 
34 32 
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25 24 
26 25 

29 32 
33 30 

34 1 32 

34 1 32 
45 I 35 

a ,  42 

but detrimental, and in fact it is necessary to wash the 
orange to remove the soot. The more modern burners 
irovide better combustion and as used 

,ot. 
rrost periods were more effective than the 

As will be shown later, there was an 

be somewhat drier than air passing through the pass. 
While accurate records of air motion are not available, 
some unusual conditions were noted. On January 3 it 
was a matter of eneral comment in the valley that the 

west, or even southwest, and then veering to the north. 
It was also noted that the wind began at  Wineville earlier 
than a t  Riverside and blew hard for an hour, followed by 
a calm at Wineville, while high winds prevailed in other 
sections. 

A detailed description of the valley can be found in the 
Monthly Weather Review for December, 1910. The 
Sierra Madre crosses California, running east and west, 
200 miles and more. A portion of the range is known as 
the San Gabriel Mountams and extends from the Santa 
Clara River to the Cajon Canyon. Another portion of the 
range is known as the San Bernardino Mountains and ex- 
tends froin the Cajon Pass eastward to the headwaters of 
the Santa Ana River. Some of tlie high peaks are: San 
Gabriel, 6,152 feet; Mount Wilson, 5,886 feet: Sugar 
Loaf, 7,006 feet; Ontario, 8,752 feet; Cucamonga, 8,911 
feet; North Balcly. 9,000 feet; San Antonio, 10,OSO feet; 
San Bernardino, 10,630 feet; and San Gorgonio, 11,485 
feet. 

During frost periods tlie air drains slowly to  the south- 
west froin Nevada; also south through the Owens Valley 
in C'alifornia. ('rossuig the Mojave Desert, the surface 
air ascencls the northern slo es of the Sierra Madre ant1 

age in the valley is from northeast to southwest during 
tlie morning hours, with a return current during the aft,er- 
noon hours. Wintl effects ttre marked near t8he passes. 
High winds often blow across tlie valley from the C'ajon 
Canyon to the Jur~iprt Mountains, a sninll range not, ex- 
ceeding 2,260 feet, lying northwest of Riverside. The 
Santn Ana River drains much of the v:tlley, ancl tlie chan- 
nel of this river, the extensive washes antl the numerous 
hills and minor ranges all plav n part in influencing t8he 
air drainage of the valley. There are well-marked frost 
belts and these in general are in the wind-sheltered areas. 
The descending air is both dry and dust-laden. When 
the wind lulls, the soil, mostly river wash, coarse sand, 
ravel or sandy loam, loses heat rapidly by free radi a t' ion. 

fluring the still hours of the night and before the return 
flow of moisture laden air from the sea can be effective, 
the temperature falls rapidly. 

The following tables give the minimum temperatures 
recorded a t  a number of points in the valley from Deceni- 
ber 24, 1912, to January 8, 1913. 

It will be noted that a minimum of 28.4' occurred a t  
San Diego a t  4 a. m., January 6, and 24.9' on January 7, 

norther began in B t e west, the wind blowing first from the 

descends into the San Gabrie r Valley. The nornial drain- 

52 
32 
30 
44 
44 
55 
34 
3 i  
33 
55 
40 
44 
36 
42 
37 
35 
51 

a t  6.15 a. m., breaking all records for rninimuni tem- 
peratures a t  that station. 

Mininiuni tenipernturq Precm ber, 1913. 

~ 

3 4  
~- 

33 
29 
30 
37 
36 
40 
34 
29 
31 
43 
30 
36 
29 
39 
32 
32 
46 

Stations. I 3 1 ' 2 5  

9 

33 
34 

35 
36 
39 
28 
?6 
32 
40 
3s 
39 
36 
34 
33 
32 
41 

.4zu.a ............................. 
Rearimont ......................... 
Chino .............................. 
Claremont.. ....................... 
Colton.. ........................... 
Duarte. .  .......................... 
Escondido.. ....................... 
El Cajon ........................... 
Los Angeles.. ..................... 
Monrovia.. ........................ 
Oranje.. .......................... 

Pomona ........................... 
Redlands .......................... 
Riverside. ......................... 
San Bernardino .................... 
San Diego ......................... 

Pass en8 .......................... 

10 
___ 

33 
34 

2 - 2 2  
34 
3R 
37 
38 
35 
32 
39 
34 
34 
30 
36 
36 
34 
39 

Stations. 

Azusa.. .............. 
Beaumont ............ 
Chino ................. 
Claremont ............ 
Colton. ............... 
Duarte.. ............. 
El Cajon.. ............ 
Escondido ............ 
Fresno ................ 
Los A q e l e s . .  ........ 
Monrovia.. ........... 
Pasadena.. ........... 
Pomona..  ............ 
Redlands ............. 
Riverside ............. 
San Bernardino ....... 
8an Diego.. .......... 

- 

26 
- 

32 
42 
28 
33 
34 
37 

27 
43 
35 
32 
32 
26 
29 
34 
36 
44 

50 

- 

1 

38 
35 
28 
37 
43 
41 
39 
39 
38 
47 
42 
40 
41 
35 
36 
30 
4% 

- 

2: 
~ 

41 
43 
28 
30 
33 
45 
30 
31 
$6 
40 
33 
31 
26 
29 
32 
24 
46 

__  

- 

2s 
- 

34 
33 
30 
32 
33 
3s 
23 
24 
45 
40 
28 
31 

31 
3 i  
25 
43 

28 

- 

Ninimum teniperntures, Jnnunry, 1918. 
~~ 
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34 
28 
39 
45 
45 
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35 
45 
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- 

~~~ 

5 
- 
25 
20 
30 
27 
28 

30 
32 
24 
36 
28 
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25 
31 
30 
31 
36 

.... 
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6 
~ 

22 
16 
2s  
25 
27 
28 
20 
15 
17 
30 
24 
25 
21 
23 
21 
26 
2s 
- 

~. 

, 
-. 

20 
24 
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19 
19 
28 
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20 
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18 
18 
23 
18 
25 
- 

- 

29 
- 

32 
35 
28 
36 
32 

24 
27 
46 
38 
30 
33 
30 
33 

27 
43 

..... 

3n 

- 

~ 
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- 
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32 
16 
26 
27 
27 
19 
18 
27 
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19 
25 
?" 
24 
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19 
34 
- 

- 
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- 

34 
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2s 
37 
33 
3R 
28 

47 
36 
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30 
36 
33 
32 
a 

30 

3n 

- 

- 
31 
- 

34 
41 
30 
37 
38 
37 
ai 
211 
43 
3Y 
33 
36 
39 
35 
32 
31 
39 
- 

The lowest temperatures occurred on t,he morning of 
January 7, dthou h on the morning of the 6t,h and the 

rec.orded. 
The general weat,her conditions on t,he morning of 

January 7 were as follows: 9 well-marked area of high 
pressure overlaid the Great Basin and the southern hau 
of the Pacific slope. The pressure was dso unusually 
high over t,he Rocky hlount,a.in sectmion, the Missouri 
Valle,y, and Manitoba. A well-marked disturbmce over- 
lying the Mississippi Vdley was accompanied by cloudy 
weather antl rain o r  snow over t,he entire count,ry east of 
t8he ninet)y-fift,h meridian. The isot)herni of freezing 
temperature ext~encled from t,he west gulf c.oast, northeast- 
ward t,o the Ohio Vdley and t,hence t'o New England. 

The pressure of tlist,ribution wits typical for frost in 
sout,liern California. St,udy of t'lie we,itther maps froni 
Janua.ry 3 to January 13 will show t,hat there was a pro- 
gressive increase, in t8he severity of the weat,lier from 
Friday afternoon until bhe following. Wednesday. On 
Sat,urday, January 4, brisk winds begaa short'ly aft'er 
noon and cont,inued until 3 a .  m., January 6. Attention is 
directed to the marked efTect of t,lis brisk wind upon the 
temperature. During the midday hours on the 4th, 5th, 
ancl 6th t.he tem erat,ure did not rise much above 50°, and 
in some places &I not reach 5O0, or t'hirty degree,s lower 
than the nornial midday teniper:tt,ure. This str(.)iig wind 
woiild iindoubt~edly ha.ve had n beneficial effect, ancl pre- 
vent,ed ra.pid coolin had the a.ir been strat,ifietl and tbe 

whole mass of air to an elevat,ion of possibly several 
thousand feet was a t  a low teiiiperature. If a conipara- 
tively warm stratum existed a short distance above the 

morning of the 8t  a da.ngerously low temperatures were 

usual distribution o f heat esiste,d. On the cont'rary, t,he 
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ground, it was not of sufficient thickness to materially 
raise the t,emperature. The thermograph records from 
noon, January 5, until midnight are significant. For 
some as yet unexplained reason there was a rise in tem- 
perature of 6 O  between 10 . m. and midnight of January 
5. There was also a pecuiar fluctuation in the moisture. 
c.ont,ent of the lower air. The wind produced a niarked 
drying effect and for B period of nearly 96 hours t,he curve 
showing percentsage of saturation is uit,e unlike the curve 

conditions are still, quiet nights when t,he minimum is 
determined primarily by free radiation. As a rule there 
is lit>t,le air motion iii these localit,ies at  times of frost and 
as any loss of heat, by convection is small, it, would 11 pear 

nio tion was act,ive large volumes of compltrat,ively cold 
air, i. e., as c.old as the radiating surface, if not colcier, 
passed over and through the orchards. The character of 
t8he radiating surface is of course of great, importance, 
ierliaps of as much import,ance as the exposure,. Doubt- 

less some of bhe apparent inconsistencies reported may 
be due to convect,ive gains on the one hand ancl interfer- 
ence with free radiation on the other, bot,li contribut>ing 
to keep the ten1 erature higher than would ordinarily be 
the case. The s ata collected are insufficient to  est,ablish 
the height of the level of lowest temperature. It is also 
a niatt,er of regret that instruments for continuous and 
detailed records of wind velocity and direction are not 
available. 

eneral the citrus fruit was subjected to t'enipera- 

ing 4 hours for the first, 4 hours for the second, 13 hours 
for the third, and 9 hours for the fourth. In  d l  it ma 
be said that in a total period of 72 hours during whic 
under normal conclitions the plants would have received 
n sup ly of heat approximately represented by 1,500 

received only 220 hour degrees. There were 170 hour 
degrees below freezing and of these 50 were below 25' F. 
In a general way hhere were 30 hours when the tempera- 
ture was below freezing; 12 hours when i t  fell as low as 
25' F., and 2 houis when the temperature did not exceed 
20' F. 

Of the many reports which have been submitted, a few 
have been selected and are given below: 

Riverside, Cal., February 6 ,  191S.-A month has passed since the 
frost. Regarding the section in West Riverside, which we inspected 
together, I find that the lemon grove shows considerable injurv on 
the lower half. However, there i s  pmctically none of the wood in- 
ured, the injurious effect.8 bein confined to the leaves and fruit. 

host  of the trees retain one-half of their leaves. Upon the higher 
levels there is very little damage, although some of the fruit undoubt- 
edly is injured. Upon sections which seemed clear when you were 
here, I picked blOEEOmE a week ago which had opened since the frost, 
also eaw small lemons a quarter of an inch in diameter which had not 
been injured. A considerable section, from 10 to 25 acres, shows no 
injury. The grape fruit on the high level to the south is also unhurt 
as to fruit and leaves. . The prove of S. L., about a mile from the lemon 
grove, looks practically unmjured. Nr. L. admits there is consid- 
erable dama to this fruit on the lower levels; but not EO niuch as a 
year ago a n r h e  is confident of marketing a good proportion of the 
fruit. The grove above the road shown no greater damage than it did 
when you were here. A section a little over a niile wide west from t,he 
Golden West lemon ove shows lees damage than the baIance of the 
Riverside Valley. g m e  of the groves are entirely free from injury 

usually given durmg frosts in these 4 ocadities. The usual 

that during the interval referred t,o above, whi f e air 

In  
tures B elow freezing for four successive periods, averag- 

H 
hour B egrees, starting from a temperature of 40' F., they 

aa to fruit and leaves. Bloomington and Rialto show a number of 
yovea which from the street seem practically unhurt and without 

oubt there are many sections throu h these neighborhoods where 
much uninjured fruit will be harvestef. Undoubtedly it is true that 
this section of West Riverside and a strip through Bloomington and 
Rialto were injured much less than a year ago and very much less 
than the balance of the valley, and, further, a great many tree@ in 
various parta of this strip escaped injury entirely from this frost. 

I t  is conceded that the lowest general tempemtiire of the first night, 
January 5 and 6, did practically no damage to most of thissection, and 
that the third ni h t  was really more harmful to this locality than the 
first night.-Dr. 8. VAN ZWALENBURG. 

Upland, Cd-The greatest damage was done on MondaS night (the 
6th) and Tuesday morning (the 7th). There are 1,000 trees on my 
10-acre ranch. There waa one 1-gallon oil ot to each tree. Hereto- 
fore I never had to fire before midnight an8 the equipment w m  suffi- 
cient to amply protect. On that Monday night water froze at  6 o'clock. 
I had to stand and take it, knowing that if I lighted before 12 the pot# 
would go out too soon; but a t  10.30 p. m.. I started lighting and finished 
by 1 a. m. Began observations at  4 a. in. ,  when it w m  20' outside 
the grate and 2s' inside, thermometer placed as far from a pot m I 
could get it and the same thermometerused. At 5a.  ni., the tempera- 
ture outside wm 30" and inside 26'. At 6 o'clock outside temperature 
Z O O ,  inside temperature 23'. The fires soon went out for lack of oil 
and the temperature remained near 20" until 7 a. m., and not above 
32" until 9 a. m. If I hac1 had four 1-gallon pots to the tree and lighted 
one at  6, one at  10, and the other two at  2 o'clock, I think I would have 
saved my crop, I think I have saved some of it as it is. I am not 
sure but that more heat can be obtained from 1 gallon of stove dis- 
tillate a t  9 cents than from 3 gallons of the slop distillate a t  the same 
cost. There should be a burner under every tree and enough distil- 
late stored in the reservoir under the tree to last the season. It is this 
filling of the pots the next day that kills; also it is very expensive. 
Under the tree the leaves would prevent the 10.9s of heat by radiation. 
While the smoke is objectionable in many ways and especially to the 
community, it must be beneficial in preventing radiation from the 
earth. 

On another 10-acre plot I have the Exchange single-stack pot. 
There are 690 trees and 690 pots. The trees are 27 feet apart. Tem- 
perature results were about the same ae above. The pots hold 3 gal- 
lons, but are filled to 24. More oil is used, but the trees are further 
apart and so heat is lost. The pot8 last about 7 hours, but aa the stack 
makes a big draft there is wmte of oil. The pots went out a little too 
early that night.-F. C. CROWELL. 

Glenvine.-The sand storm that raged in the valley on 
the 4th and 5th did not reach here and we appeared to be 
above the wind. The first we knew there was a storm 
raging about 4 p. m., on the 4th, when a cloud drifted 
in that we thought was fo but proved to be dust. On 

day and the air was filled with it for three days after- 
wards. It settled on everything and was enough to 
change the color of the shrubbery and ground. 

The 
thermoineter registered 9' at this station; but 1 mile east 
ant1 400 feet lower on the creek bottom they claimed it 
was 2 O  below zero.-('. H. LIKELY. 

El Cajon.-On the 5th the thermometer registered 35' 
a t  5 p. m., 30' a t  6 p. m., and 32' a t  6.30 p. m., and fell 
to 2O0 during the night. Oranges frozen solid on this 
and bhe following two nights. No smudging. Ice re- 
mained uiithawed for three successive clays. Coldest on 
record.-H. H. KESSLER. 

Pornom.-On the niornings of the 7th and Sth the 
temperatures outside of the smudge area, but a t  the same 
elevation, registered 15' ancl ISo, respectively.-J. E. 
ADAMSON. 

Squirrel Inn.-The sand storm from the desert on the 
4th was terrific, the valley was entirely obscured.-A. D. 
FRANTZ. 

the 5th it was calm, but t B ie dust hid the sun nearly all 

The cold wave that followed was quite severe. 


